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We study the important for the experiment features of the effect of the electron 
shell on a decay in the adiabatic approach. The effect is of tenths of a percent or less in 
magnitude, depending on the transition energy and the atomic number. On the other 
hand, we show the predominant role of the inner shells: more than 80 % of the effect are 
due to the Is electrons. This fact is crucial for the experiment, allowing one to perform 
measurements in the same storage rings, comparing for example, the probability of 
decay in the bare nuclei and Helium-like ions. The analysis is presented concerning the 
reasons for the relative success and the limits of applicability of the model of “frozen” 
electron shell used to calculate the effect for more than half a century. 
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3KCnEPHMEHTAJlbHbIE ACnEKTbl 
A/],MAEATMMECKOrO nO/],XO/],A B OLI,EHKE 

3JlEKTPOHHOrO 3KPAHHPOBAHMa 
HA AJlbOA-PACHA/], 


(p.O.KapneniHH^), M.B.TpjKacKOBCKaH^^ 

BHHH MeTpojiorHH HMenn ^.H.MeH^ejieeBa 
HHU, “KypnaTOBCKHii Hhcthtyt”, nH5IO HMenn B.n.KoHcxaHTHHOBa 


PIccjie^iOTCH BajKHBie /iJiH BKcnepHMeHxa oco6eHHOcxH bjihhhhh bjibk- 
xpoHHoii 060J10HKH Ha a-pacna/i; b paiviKax a^HaGaxHHecKoro noflxo/i,a. Bejin- 
HHHa acJjcJjeKxa cocxaBjiaex /lecHXbie /iojih npopenxa h MeHBme, b saBHCHMO- 
cxH ox BHepxHH Hcpexo/ia H axoMHoro Hoiviepa. C flpyroft cxopoHBi, noKasana 
flOMHHHpyioipaa pojib BHyxpeHHHX o6ojiOHeK: 6ojiee 80 % acjxj^exxa oOasaHbi 
ls- 3 JieKxpoHaM. 3 x 0 oOcxoaxejibcxBO nrpaex pemaioni,yio pojib ^jia OKcne- 
pHMOHxa, nosBOJiaa npoHSBO^HXb HSMepeHHa Maaoro acjxjjexxa pasHocxHbiM 
Mexo/iOM B o/];hhx h xex ace HaKonnxeabHbix KoabLi,ax, cpaBHHBaa nanpH- 
Mep, BepoaxHocxH pacna^a b roabix a/i,pax h reaHe-no/i,o6Hbix Honax. Hpo- 
anaansHpoBaHM npHHHHbi oxHocnxeabHoro ycnexa h npefleabi npHMeHHMO- 
cxH Mo/];eaH “aaMopojKeHHoii” aaeKxpoHHoii oOoaoHKH, npHMeHaBmeHca ^aa 
pacaexa acJxJjeKxa na npoxajKeHHH 6oaee noayBexa. 


1 BBe^GHHe 

a pacna^ h ero TopMoacenne saeKxpoHHOH oGoaoHKofi cyxb aeae- 
HHa, npoHcxo^aipHe na pasHbix cxpyKxypHbix ypoBHax MHKpoMHpa, 
xapaKxepH3yioin;Hxca paaaHHHofi niKaaoH xax no annefinbiM pasMe- 
paM, xaK H no Macce ynacxByiomnx nacxnn,, nx oneprnn, no cnae nx 
BsaHMO^encxBHH. Onn ynpanaaioxca cnaaMH paanon npnpo^bi: cnan- 
nniM a^epnniM BaaHMo^encxBHeM, oGaacxn ^encxBna Koxoporo orpa- 
nnnena a^epnbiMH pasMepaMH, n ropaa^o 6oaee caaGniM xyaonoB- 
CKHM BaaHMo^encxBHeM oaexxponoB ;];pyr c ;];pyroM n a-nacxnpen, no 
Bananne Koxoporo CKaaniBaexca na ropaa^o Goanninx paccxoannax. 
Apriori, cnannoro Bananna oaeKxponnon oGoaonKH na aaB(|)a-pacnafl, 
npn oneprnn aaB(|)a-nacxHn;Bi necKoabKo MaB, xpy;];no oacH^axb. Ban- 
anne ^pyrnx cJiaKxopoB a^epnoro nponcxoac^enna, nanpnMep ^ecjiop- 
Mapnn a^pa, necpannnMo cnabnee. Tom ne Menee, paannpy b nepno^ax 
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ajib(|)a-pacnafla rojioro a^pa h HefipajitHt-ix axoMOB mojkho HSMepHXB 
B sKcnepHMeHxe, hto npe^cxaBjiaeT GojiBinoii HHxepec c tohkh ape- 
HH3 xecTHpoBaHHH xeopHH FaMOBa [1]. Cjie^yex npHHHXB bo BHHMaHne, 
HTo nepecxpoHKa o6ojiohkh axoMa npHBo;];Hx k yMenBinenHio KOHennoH 
OHepxHH ajiBcJia-HacxHpBi na BejiHHHny AQ ^ 40 koB b xh^kojibix axo- 
Max — xHHHHHBix ajiB(|)a-pacnaflHHKax. 3xo yxce npHBo^Hx k xopMo- 
jKeHHK) pacna^a b GyKBajiBHOM cmbicjib cjioBa, b npoxHBonojiojKHocxB 
XOMy, HXO MOJKHO GbIJIO 6bI OJKH^aXB HCXO^a H3 npHXHJKeHHH MeJK^y 
ajiBcl^a-HacxHpeH h ojieKxponaMH, xoxa h ne cKasBiBaexcji na ^HnaMH- 
Ke caMoro ajiBcJ^a-pacna^a. B xo xce BpeMH nocjie^oBaxejiBHBiii ynex 
3X0X0 o6cxo3xejiBcxBa, BBH^y nepeHHCJieHHBix BBime cJiaKxopoB, cxaji 
KaMHOM npeXKHOBeHHH BO MHOXHX paHHHX paCHOXaX. riepBBie nOHBIXKH 

np3MOH noflcxanoBKH BejiHHHHBi AQ b cJiopMyjiy ^jia npoHHpaeMocxH 
KyjioHOBCKoro Gaptepa npHBejiH k aaBBimeHHBiM openKaM |2]. Xahbh- 
xejiBHo, Hxo Ha npoxHJKeHHH ^ecHXHjiexHH pacnexBi bbihojihhjihcb b 
M o^ejiH “aaMopojKeHHofl” sjiexpoHHOH oGojiohkh (30), cyxB Koxopofl 
npHMo npoxHBonojiojKHa xoMy, hxo cKaaano BBime (ISIIIIEIE] H CCBIJI- 
KH xaM). no-BH;];HMOMy, xojiBKo B paGoxax EE] Gbiji c^ejiaH pema- 
lomHH mar k a^eKBaxHofi 4)H3HHecKOH xpaKxoBKe HBjieHHH, xoxh h b 
paMKax xoH Hce Mo^ejiH. JIorHHecKaa xonxa b paaBHXHH mo^ojih 30 
GBijia HocxaBjieHa b paGoxe |6], b Koxopofi Gbijih BBinojinenBi nanGo- 
jiee nocjie^oBaxejiBHBie pacnexBi ajiBcJ^a-pacna^a na npHMepe penoHKH 
axoMOB pa^oHa. ^ZlajiBHefimne hohbixkh oKcnjiyaxapHH sxofi mo^ojih b 
noroHe 3a rnnoxexHHecKHMH ocJicJieKxaMH bjihhhhh oGojiohkh na ko- 
HeHHyio BepoHXHocxB ajiBcj^a-pacna^a nocjie npoxojK^eHHH GapBepa j8] 
yjKe npoxHBopenax 3flpaBOMy cMBicjiy, nocKOJiBKy 3a GapBepoM, npn- 
HHMaa BO BHHMaHHe peryjIHpHBIH (KBa3HKJiaCCHHeCKHH, cp. |1]) xapaK- 
xep a-axoMHoro noxenpHajia, xok pacna^Bix ajiB(J)a-HacxHn, b jhoGom 
cjiynae coxpaHaexcH. BnponeM, MaxeMaxHHecKH nocxanoBKa Ba^ann b 
paGoxe ne ccJiopMyjiHpoBana. Mbi eipe BepneMCH k sxoMy nyHKxy 
npH oGcyjK^eHHH 4)H3HHecKHx acneKxoB npoGjieMBi. 

yKa3aHHBie BBime cJiHBHHecKHe ocoGennocxH Ba^ann a^eKBaxHo 
oxpaxcaioxcH xepMHHOM “a^HaGaxHHHocxB”. 3aflaHa o npoxojK^eHHH 
ajiB(|)a-HacxHn,Bi Hepe3 ojieKxpoHHyio oGojioHKy Bnojine anajiorHHHa 3a- 
^ane o pacnpe^ejieHHH mioohob MejK^y ocKOJiKaMH MrHOBeHHoro ^ejie- 
HHH B MiooHOM axoMe ypaHa [ini[IIl[l2l[l3]. B Hocjie^HeM cjiynae, ^e- 
jieHHe a^pa npoHcxo^Hx b npncyxcxBHH Mioona na iF-opGnxe. Miooh 
MH oro jierne ockojikob. B cbok) onepe^B, cKopocxB nocjie^HHx mho- 
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ro MeHbine cKopocxH MiooHa na op6HTe. 3to npHBo^Hx k cJiopMHpo- 
BaHHK) aflHa6axHHecKHx KBasHMOJieKyjiapHBix cocxohhhh b npopecce 
(JiopMHpoBaHHa H pasjiexa ockojikob. HMenno nepecxpoHKa KBasHMo- 
jieKyjiapHoro cocxo3hhh npHBo;];Hx k HaGjno^eHHOMy b sKcnepHMenxe 
scJicJieKxy no^aBjieHHa BepoaxHocxH MXHOBeHHoro ^ejieHHa BCJie^cxBne 
noBBimeHHa GapBepa ^ejienHH B peayjiBxaxe bbixo^ ^ejieHHa 

yMeHBinaexcH na nopa^OK no cpaBnennio c oGwnHBiM ^enenneM, nn- 
flypnpoBaHHBiM nefixponaMH hjih (JioxoHaMH. Heynex ^annoro ocJicJieK- 
xa npHBeji k aa^epncKe oxKpBixnn MmoBennoro ^enenna na floGpwn 
^ecnxoK jiex. B KanecxBe Bxoporo npnMepa mojkho yxaaaxB hhjibcco- 
HOBCKHe opGnxajin n nx Bjinanne na paBHOBecnyio fle(|)opMan,Hio sppa 

m- 

AjiB(|)a-pacnafl mojkho paccMaxpnBaxn nan npe^ejiBHBin cjiynan ^e- 
jieHHH c Gojinmon acHMMexpnen ockojikob. Ho^oGho Mioony, ojieKxpon- 
nan oGojionKa oGpaayex KBasHMOJieKyjinpnBie cocxonnnn b nojie A^yx 
penxpoB. 3jieKxpoHHBie xepMw nrpaiox pojiB noxenpHajinnon onep- 
rnn BaaHMO^encxBHn ockojikob. Hmchho xaKan Kapxnna ^jih onnca- 
HII3 9(j3(|ieKxa BJIH5IHH5I ojieKxpoHHOH oGojioHKH Ha ajiBcjia-pacnafl Gbi- 
jia npefljiojKena b paGoxe [1]. PacnexBi, BBinojinennBie ^jih pn^a n^ep, 
noKaaajiH, nxo nocjie^oBaxejiBHBin ynex a^HaGaxiinecKHx acJicJieKxoB 
npHBO^HX K yMCHBrnennio BeponxHocxn pacna^a no Kpannen Mcpe b 
necKojiBKo paa no cpaBnennio c mo^cjibio 30. Oxn n^en no^xBepjK^a- 
loxca, pasBHBaioxcn n npnMennioxcn k pacnexy cenennH peaKpnn cnn- 
xeaa (oGpaxnon k ajiB(|ia-pacnafly) a^ep, HMnjianxnpoBaHHBix b mc- 
xajiJinnecKyio Maxpnpy, b paGoxe [ 9 ]. Peajinayexca npe^cKasannoe b 
[1] pacxojK^enne c npencnen xeopnen, ocHOBannon na Mo^ejin 30. B 
nacxoaipeH paGoxe b nocjie^yroipHx paa^ejiax mbi ocxanoBHMca na (|)h- 
annecKHX acneKxax aBjienna, BancHBix ^jia nocxanoBKH OKcnepnMenxa. 
OKcnepHMenxajiBHo BepoaxnocxB pacna^a Moncex Gbixb jiexKo noMepe- 
na nanpHMep, b naKonnxejiBHBix KOJiBpax na ycKopnxejiax, ho^oGhbix 
HMeroipHMca b GSI hjih JlannjKoy. B BaKjnonenHH no^Be^eM hxoxh, 
ccjiopMyjiHpyeM nepcneKXHBBi oKcnepHMenxajiBHBix Hccjie^oBanHH. 


2 OnsHHecKHe npe^nocbijiKH 

OGbihho b xeopHH a-pacna^a BBi^ejiaiox xpn cJiaKxopa: Bepoax- 
HocxB (jiopMHpoBaHHa Kjiacxepa Bnyxpn a^pa, nacxoxa ero cxohkho- 
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BeHHH CO CTCHKOH H npoHHi];aeMocTB KyjioHOBCKoro 6apBepa. Bjihhhh- 
CM ojieKTpoHHOH 060J10HKH Ha HepBBiH (JiaKTop HpeHeGperaeM. BxopoH 
(JiaKTop paccMaxpHBaeTCH KaK no^roHOHHBm napaMexp (cp. |15l I16] B 
PaccMoxpHM npoHHpaeMocxB Gapnepa: 

P = e-^^. ( 1 ) 

B ([T]) flCHcxBHe (nanpHMep, [I?]) ^jih rojioro iiflpa. 

S= r ^2m{Uc{R)-Qa) dR. ( 2 ) 

J ri 

B BBipaJKCHHH (EJ ri, r2 — KjiaccHHecKHe xohkh noBopoxa, m — npn- 
Bc^eHHaH Macca a-nacxHpBi, Uc{R) — KyjioHOBCKaH oneprHH oxxajiKH- 
BaHHH H^ep. 

B cjiynae neiixpajiBHoro axoMa ^eiicxBHe (EJ nepexo^Hx b 

Sat= f ' ^/2m{E{R) - Q„), (3) 

Jr[ 

r^e E{R) — xepM ^BypeHxpoBofl KBasHMOJieKyjiBi |T8]. Oh BKjHonaex 
B CcGh, HOMHMO OHepXHH OXXajIKHBaHHH a^ep, H OJieKXpOHHyiO HaCXB 
e{R) — MXHOBeHHoe sHaHCHHe ojieKxpoHHoro xaMHjiBxoHHaHa h{R): 

E{R) = Uc{R) + e{R). (4) 

Mo^HcJiHpHpya noxenpHajiBHyio OHepxHio, ojiCKxpoHHaa onepraa hsmc- 
Haex H XOHKH HOBOpOXa, HOBBie SHaHCHHa KOXOpBIX CXaHOBHXCa paBHBI 
H r2. 

Ha MajiBix paccxoHHHHx ojicKxpoHHaa nacxB oneprHH xepMa oxpn- 
paxejiBHa h, ohobh^ho, MaKCHMajiBHa b MaxepHHCKOM a^pe, xo ecxB 
npH i? —)■ 0. HooxoMy, Kor^a aaBcJ^a-nacxHpa npoxo^HX nyxB ox a^pa 
K GapBcpy H ^aaBHie ckbosb Hero na GecKoneHHocxB, efi npHxo^Hxca 
KaK 6 bi “h^xh b ropKy”, npeo^oaeBaa noflx.eM. Ha oxo pacxo^yexca 
HacxB ee oneprHH AQ, npHBo;];a k yMeHBmeHHio Qa b HeflxpaaBHOM 
axoMe. Oxcio^a cae^yex, hxo ynex oaeKxpoHHofi oGohohkh aaMe^aaex 
aaB(|)a-pacnafl. AQ KaK paa paBHo paanocxH coGcxBeHHBix sHaHeHHH 
h{R) npH i? —)■ cxo H npH i? —)■ 0. 

06o3HaHHM aapa^ a-nacxHpBi z = 2, MaxepHHCKoro a^pa Z. B 
npe^eae Gohbhihx paccxoaHHil a-nacxHpy mojkho paccMaxpHBaxB KaK 
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HCTOHHHK KyjioHOBCKoro noji3 Ua{r) = zej T^ KOTopoe B o6jiacTH floHep- 
Hero axoMa MOJKHO paccMaxpHBaxB KaK hohth o^Hopo^Hoe. B oKpecx- 
HOCTH npoH3BOJiBHOH TOHKH Rq ero MOJKHO pasjiojKHTB B pHfl TeHjiopa: 


Uc.{R) = Uo^iRo) + Vt/„(i?o)(R- Ro) = 
= Ua{Ro) + F«(-Ro)(R ~ Ro) 5 


(5) 


r^e FQ(r) = —(^e^/r^)n — HanpajKeHHOCTB hojih a-nacTHpBi, n = r/r 
— e^HHHHHBiH BeKTop. IlepBoe cjiaraeMoe b (|5]) hphbo^ht k c^BHry 
OHeprHH ojieKxpoHOB BO BHemneM nojie —ZeUa{R)- Bxopoe mojkho 
paccMaxpHBaxB kbk hctohhhk mxapKOBCKoro c^BHra oneprHH xepMa, 
KOTopBiii KBa^paxHHeH no nojiio [12]. HooxoMy acHMnxoxnnecKoe bbi- 
pancenne ^jih ojieKxpoHHofi onepran xepMa mojkho aanncaxH b BH^e 



{Z-z)ze‘^ /3 

- R -Rl- 


( 6 ) 


IIocjieflHee cjiaraeMoe b ([6]) npe^cxaBjiHex co6oh nojinpHsapHOHnniii 
noxenpHaji. TaKHM oGpaaoM, mbi HopMHpyeM ojieKxpoHHyio nacxB 
OHeprHH xepMa na hojib npn i? — )• oo. 

Jl/iS HOHCHeHHH (|)H3HHeCKOrO CMBICJia HaHHCaHHBIX COOXHOHieHHH 
nojie3Ho paccMoxpexB oGpaxHWH npopecc cjihhhhh a-nacxHpni c 
poM. Ecjih bbo^hxb a-nacxHpy ox GecKOHennocxH b a;];po, xo sjieK- 
xpoHHBiH noxenpHaji Gy^ex coBepmaxb nacxB paGoxBi no npeoflojiennio 
oxxajiKHBaioipero a^epnoro KyaonoBCKoro noxenpHaaa, “ycKopaa” na- 
cxnpy. Ilpn HopMnpoBKe na hohb npn R —)■ oo, |e(0)| nan pa3 paBHo 
paGoxe, Koxopyio xpeGyexca coBepmnxn ^onoannxeaBHo no nepeMe- 
ipennio a-nacxnpni ox nyaa b GecKonenHocxn npn pacna^e, n paGoxe, 
Koxopyio coBepmaex oaeKxponnaa oGoaonna, ycKopaa oGpaxHwn npo- 
pecce cananna a-nacxnpni c appoM. 3xa paGoxa n ecxn xo MBMenenne 
xenaoBBipeaenna b peaKpnn, Koxopoe oxannaex aaB(|)a-pacnap roaoro 
appa ox pacnapa b axoMe: 


AQ = -e(0). 

C ynexoM ([7]), pencxBne (|3]) nepexopnx b 


(7) 



^/2m[Uc{R) + Ae{R) - Q„]. (9) 
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TaKHM o6pa30 M, b peayjibTaxe ([7]), BejiHHHHa AQ b ^eficTBHH (|H]) cxpo- 
ro coKpaipaexcH h ne (JiHrypHpyex b BBipaacennH BepoaxHocxH 
a-pacna^a. A bxo^hx xojibko ropaa^o Gojiee cjiaGaa BapnapHH noxen- 
pnajiBHOH 3HeprHH Gjiaro^apa MHHHMajiBHofl nepecxpoHKe 9JieKxpoH- 
HOH 060J10HKH flo xoro MOMBHxa, Kor^a a-nacxnpa nepecenex noxen- 
pnajiBHBiH Gapbep. 3xo BjinaHHe oxHocnxejibHo cjiaGo h cnpaBe^jiHBo 
oGbiHHo onycKaexcH b xeopHH a-pacna^a El- OcHOBHaa nepecxpoHKa 
sjieKxpoHHOH 060J10HKH npoHcxo^Hx Ha ropaa^o Gojibhihx paccxoHHH- 
Hx, npHHafljiejKamnx yace ^pyroii niKajie, — nopa^Ka paaMepa axoMa, 
H He oKaabiBaex bjihhhhh na ynce cocxohbhihhch k axoMy MOMenxy 
pacnafl H^pa. 

B MOflejiH 30 ajib(|)a-HacxHH;e npHxo^HxcH npeo^ojieBaxb aHepxHio 
npHXHJKeHHH ajieKxpoHOB Ue{R), KoxopaH annpoKCHMHpyexcH hx cpe^- 
HHM HOJieM B aXOMe 4>{R)'- 


Ue{R) = ze(j){R). (10) 

Ha 9X0 xaK xce pacxoflyexcH aneprHH ajibcjDa-HacxHpbi. B oxjiHHHe ox 
do]), HoxenpHaji (f>{R) ffTOj) cna^aex k Hyjiio npn i? —)■ 00 KaK —Ze/R. 
TaKHM oGpaaoM, oh ne yHHXbiBaex noxepio ^Byx ajieKxpoHOB npn 
ajib(|)a-pacnafle. nojiHpnaapHOHHbiH noxenpHaji xaKxce ne yHHXbiBa- 
excH B Mo^ejiH 30. O^naKo Gojiee cymecxaennaH HHCJieHHaa paaHHpa 
COCXOHX B XOM, HXO HpH i? —)■ 0 HoxeHpHaji Ue{R) , ocxaBaHCb oxpnpa- 
XejIbHblM, MOHOXOHHO yOblBaeX ^O BejIHHHHbl Ue{0). 06o3HaHHM 

AQ' = -f/e(0). (11) 

Ho onpe^ejieHHK), ^aHHaa Mo^ejib npe^nojiaraex ojieKxpoHHyio 060 - 
jioHKy HenaMeHHOH npn npoxojK^eHHH ajibcJ^a-HacxHpbi, xaKHM o 6 pa- 
30M ynycKaH h 3 BH^y noxepio ajib(|)a-HacxHH;eH oneprHH, H^ymefi na 
nepecxpoHKy ojieKxpoHHofl oGojiohkh. HoaxoMy Bcer^a 

AQ'<AQ. (12) 

J\jis pacHexa BeponxHocxH ajib(|)a-pacnafla b mo^ojih 30 hboOxo^hmo b 
^encxBHH ([2]) ^oGaBHXb Ue{R) = Ue{0) + AUe{R) H npoH3BecxH aaMeny 
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Qa Qa — ^Q- B peayjibTaxe npa^eM k fleiicTBHio 





^/2m[Uc{R) + UM + A?7e(i?) - (g„ - AQ)] = 





^2m[Uc{R) + AU,{R) - Q„ + AQ + UM)]. (13) 


B (IT^ AUe{R) B nepBOM npnGjiHJKeHHH mojkho conocxaBHTB c Ae{R) b 
(I 9|) , Hxo H BBinojiHeno b pa3Jiejie l3.ll Homhmo sxoro, o^naKo, b Mo^ejin 
30 B ^eficxBHe (fT^ ^onojiHHxejiBHo bxo^hx He(|)H3HHecKa5i BejiHHHHa 


AQ + Ue{0). 


Cpe^H flpyXHX 4)H3HHeCKHX “neCXBIKOBOK” OXMeXHM, HXO “3aMOpO- 
jKeHHBie” Ha cbohx Mecxax 3jieKxpoHBi ^ojijkhbi 6bi 6bijih hphbo^hxb k 
HCK pHBJieHHK) XpaeKXOpHH ajIBcJja-HaCXHpBI, HXO B CBOIO OHepe^B npH- 
Bejio 6 bi k Ho^aBjieHHio ajiBcJia-pacna^a, y^jiHHHH nyxB no^ GaptepoM. 
B ^eflcxBHxejiBHocxH, H3-3a HepaBeHcxBa Macc ajiB(|)a-HacxHn,Bi h sjiex- 
xpoHOB xpaeKxopHH ajiB(|)a-HacxHn;Bi npHMOJiHHeHHa, ho ona KaK 6 bi 
yBjieKaex 3a coGoii nuieficj) sjieKxpoHOB, na hxo ecxecxBeHHo ^ojiJKHa 
3axpaHHBaXBC5I OHepXHH. B 3XOM CMBICJie MOJKHO CKa3aXB, HXO ajIB(|)a- 
HacxHpa cxaHOBHxcH nofloGna MHx^ajioBCKOH KBa3HHacxHH,e b H^pe. 

C flpyroii cxopoHBi, yKa3aHHaH BBime neKoppeKXHocxB acHMnxoxH- 
HecKoro HoxenpHajia 30 (p{R) b flTOj) na Gojibhihx paccxoHHHHx necy- 
n];ecxBeHHa, xaK KaK oxhochxch k 3a6apBepHOH oGjiacxn h, cjie^oBa- 
xejiBHo, He cKa3BiBaexcH na npoHHpaeMocxB Gapnepa. O^naKo ona no- 
BOfl flJIH pa3MBimjieHHH, eCJIH KXO-XO 3aXOHeX HHCJieHHO npoBepHXb 
yHeGHHKH B oxHomeHHH xeopHH npoxojK^eHHH HacxHpeH Gaptepa b ho- 
HCKax 3aGapBepHoro oxpajKeHHH. A ^jih HHxerpnpoBaHHH ypaBHenna 
IIIpe^HHrepa bo bcom npocxpancxBe hooGxo^hmo npexc^e nocxpoHXB 
a^HaGaxHHecKHH noxenpHaji, HanpHMep moxo^om caMocorjiacoBaHHo- 
ro cpe^Hero hojih ^jih ^ByxpeHxpoBoil Ba^aHH, nepexo^amHil na Gojib- 

TTT HX paCCXOHHHHX B HOJIHpHBapHOHHBIH. CnpaBe^JIHBO 3aMeHeHO, HXO 

Bce HyjKHoe necjiojKHo, a Bce cjiojKHoe — HenyjKHo |19) . 






3 PesyjibTaxbi 

3.1 OCHOBHOH SJIGKTpOHHblii TGpM 

HxaK, B npe^Bi^ymeM pas^ejie mbi BH^ejin, hto sjieKxpoHHBiM xep- 
MOM HasBiBaexcH ypoBeHb KBasHMOJieKyjiBi, paccMaxpHBaeMBin kbk 
(J iyHKpHa paccxoHHHa MejK^y H;];paMH. Homhmo oxxajiKHBaiomero Ky- 
jioHOBCKoro noxenpHajia Meac^y a^^paMH, xepM BKjnonaex xaxjKe 3Hep- 
XHK) MXHOBeHHOrO SJieKXpOHHOXO raMHJIBXOHHana npn (JiHKCHpOBaHHBIX 
H^pax. HMeHHo sxa nocjie^HsiH snepxHH h ^ojiacna 6 bixb ^oGaBjieHa 
K noxenpHajiBHOH KyjioHOBCKofl sneprHH npn BBiHHCJieHHH flefi- 

cxBHH fljia HeHxpajiBHoro axoMa. 

B pa6oxe |T] 3xa nacxB xepna, Ae{R), BBiHHCJiena b nepBOM nopa^xe 
xeopHH BoaMymeHHH. B 3xom npnGjiHJKeHHH 



CyMMHpoBaHHe b oa npOH3BOflHXCH HO BCBM 3aH3XBIM 3JieKXpOHHBIM 
C0CX03HH5IM axoMa, c ynexoM hhcbji 3anojiHeHH3. BbiHHCJieHHBiH rpa- 
4)hk Ae{R) ^^®Ra npaBe^en na pnc. 1. PacnexBi npoBe^enbi c pejiaxH- 

BHCXCKHMH BOJIHOBbIMH (|)yHKIl,H5IMH 3JieKXpOHOB. HX BBIHHCJieHHS 

HcnojiB30BajiC5i naxex nporpaMM RAINE |20) . BojiHOBBie (|)yHKn;HH bbi- 
HHCJieHBi caMocorjiacoBaHHbiM Mexo^oM ^Hpaxa-OoKa. 

H3 pHcyHKa cjie^yex, hxo na MajiBix paccxoHHnax e{R) B03pacxaex 
KBa;];paxHHHo, xor^a xax xpa^npHOHnaH xecpna Me>K3Be3flHOH njia3MBi 
paccMaxpHBaex 3JieKxpoHHBie 3HeprHH nocxoanHBiMH b 3xoh oGjiacxH 
(nanpHMep, [2T|). Ynex 3 xoh 3aBHCHMocxH npHBo^Hx k HaGjiro^aeMBiM 
34)4)eKxaM |9]. 

CymecxBeHHBie BepoaxHocxH ajiBcJ^a-pacna^a paccxoHHHH b o 6- 
jiacxH KyjioHOBCKoro 6apBepa o6bihho cocxaBjiaiox ^ecHXKH cJ^epMH, 
Hxo Ha flBa nopH^Ka MeHBme pa3Mepa R'-o6ojiohkh. no3xoMy ochob- 
HOH BKjia^ B Ae{R) ^aiox caMBie HHJKHHe o6ojiohkh c MajieHBKHM 
Op6HXajIBHBIM MOMeHXOM I, HBH BOJIHOBBie cjDyHKpHH MaKCHMajIBHBI B 
3XOH oGjiacxH. ripejK^e Bcero, 3xo K-, Li- h, c ynexoM pejiHXHBHcx- 
CKHx 34)4)eKxoB, L 2 -o 6 ojioHKa. PacHex noKa3BiBaex, hxo ^oMHHHpyio- 
ni,HH BKJia^ npOHCXO^HX ox 3JieKXpOHOB Ha iP-o6ojIOHKe, 6.TTH>KaH TTT HX 
K H^py. ripH xapaKxepHOM paccxoHHHH i? = 40 4)m oh cocxaBHji 81 
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npon,eHT. OTHocHTejit.Ht,iH BKjia^ ot Li- h L 2 -o 6 ojioHeK cooTBexcTBeH- 
Ho oKaaajicH 13 h 1.4 npopeHxa. cpaBHenna, na xom ace pncynKe 
npeflcxaBjien rpacJiHK Aen.r.(.R), BBiHHCJieHHBifl c nepejiaxHBHcxcKHMH 
BOJIHOBBIMH H (JiyHKpHHMH IIIpe^^HHrepa, C yneXOM XOJIBKO AByX K- 
3jieKxpoHOB. PasHHpa orpoMHaa, ocoGenno na MajiBix paccxoannax. 
ripH i? 10 (|)M ona cocxaBjiaex nopa^oK BejiHHHHBi. ^axce b aa- 
GapBepHOH oGjiacxH npn R k. 200 (|)m ona coxpaHHexcji na ypoBHe 
HexBipex paa. 

IIpHHHHOH CXOJIB GojIBinOXO paCXOJK^eHHH 5IBJI3IOXC5I pejIHXHBHCX- 
CKHe 3(|)4)eKXBi, BecBMa cyipecxBeHHBie xjiJKejiBix axoMOB. CpaBne- 
HHe ^HpaKOBCKHx H mpe^HHxepoBCKHx BOJiHOBBix (JiyHKpHH Hpe^cxaB- 
jieno Ha pnc. 2. S^ecB npe^cxaBjieHBi paccHHxaHHBie GojiBrnne kom- 
HOHeHXBi pa^HajiBHBix ;];HpaKOBCKHx BOJIHOBBIX (JiyHKpHH g{r) aXOMa 
^^®Ra H KyjioHOBCKOH BOJiHOBOH (JiyHKpHH IIIpe^HHrepa c xeM >Ke Z = 
88. KaK H ojKH^ajiocB, paaHHpa HanGojiee cyipecxBeHHa BOjinan a^pa. 
PejIHXHBHCXCKHe KyjIOHOBCKHe (jiyHKpHH paCXO^HXCH B Hanajie KOOp- 
flHHax [22] • KoHOHHBie paaMepBi sppa ^ejiaiox kohohhbimh b nyjie h 
pejiHXHBHcxcKHe BOJiHOBBie (JiyHKpHH. ToM HO MOHee, paaHHpa ocxaex- 
ch ohohb aHaHHxejiBHoii. 

3.2 CaMocorjiacoBaHHOCTb a^naGaTHHecKoro mgto- 
Aa 

^pyxHM BajKHBiM HpeHMyipecxBOM a^HaOaxHHecKoro no^xo^a hb- 
jiHexcH ero caMocorjiacoBaHHocxB. Ona aaKjiioHaexcH b xom, hxo na- 
MeneHHe noxenpHajiBHofi oneprHH ajiBclia-HacxnpBi b^ojib xpaeKxopHH 
oxi? = 0Ki?^cx3B xoHHocxH paBHo paGoxe, coBepmaeMOH hoh- 
flepMOXOpHBIMH CHJiaMH, HCXO^HipHMH OX 3JieKXpOHHOH 060 JIOHKH, HpH 
nepeMeipeHHH ajiBcJia-HacxHpBi ox GecKoneHHo-y^ajieHHOH xohkh b h^- 
po, HXO B CBOK) OHepe^B B XOHHOCXH COBHaflaCX C HaMCHCHHeM AQ (j7]) . 
CHxyapHH HHaH b mo^cjih 30. TnnHHHaH paaHHpa Mexc^y 1^4(0)I h 
AQ cocxaBjiHcx ~50 oB [ 6 ]. B cboio onepe^B, khk bh x ho na pnc. 1, 
3Xa BCJIHHHHa COCXaBJIHeX HOHXH 100% Bcero HaMeHCHHa OJICKXpOHHO- 
ro xepMa b oGjiacxH KyjioHOBCKoro GapBcpa. 

Ha BBipaxccHHe b fll4p mojkho BarjiHHyxB HHane. S^ecB nepBoe cjia- 
racMoe — noxenpHajiBHaa oHepxHH a-nacxHpBi, naxo^^aipeHCH b xohkc 
R, B HOJie, coa^aHHOM ojieKxpoHHofi oGojiohkoh. Ha Hero BBiHHxaex- 
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C3 BTopoe cjiaraeMoe — xa ace noxenpHajibHaji 3HeprH5i a-HacxHpt,!, 
HaxoflameHca b Hanajie Koop^Hnax npn R = 0. Cjie^oBaxejiBHo, 


Ae^'\R) = AU^(Ji). 


(15) 


IlosxoMy B nepBOM nopa^xe xeopHH BosMyipeHHH e^HHcxBeHHaa paa- 
HHpa c Mo^ejiBio 30 cocxohx b najiHHHH ^oGaBKH AQ + l/e(0) b flT3|) . 

Oxox JIOJKHBIH BKJia^ HHKaK HejIB3H JIHKBH^^HpOBaXB B MO^ejIH 30 
MaxeMaxHHecKH KoppexxHBiM chocoGom. Ecjih ero aanyjiHXB npHny^n- 
xejiBHo, “pyKaMH”, xo, xax noKasano b paGoxe |S], 3(|)(|)eKx 3KpaHHpo- 
BaHHH yMeHBinaexcH npnGjiHaHxejiBHo Bxpoe (xpeyrojiBHHKH na pnc. 2 
B paGoxe 0)- ripH 3XOM flji3 nojiyHaexcH xox jxe peayjiBxax, hxo 

H B paGoxe [1] b a^naGaxHHecKOM no^xo^e — xax h cjie^oBajio ojkh- 
^axB, BBH^y cKaaaHHoro BBime. Ten ne Menee, ^axce xaxoe coBna^enHe 
onpaB^ano xojibko b nepBOM nopa^xe xeopHH BoaMymeHHH, xoxopBifi 
^aex BepxHioio rpaHHpy 3(|)4)exxa. Bojiee xohhbih pacnex xBaaxMojie- 
xyjiapHBix cocxoHHHH, aa npe^ejiaMH nepBoro nopa^xa, mox 6bi cjie^o- 
BaxejiBHo npHBecxH h x anaHHxejiBHo MenBinefl BejiHHHHe acjicjiexxa. 

B pejioM, MOJXHO yxBepjx^axB, hxo nojiapnaapHii ajiexxpoHHofl o6o- 
jioHXH, npoHaBo^HMaa npojiexaiomeH ajiBcl^a-HacxHpeH, cMarnaex acj)- 

4)eXX 3XpaHHpOBXH, HXO H npHBO^HX X Ha nopH^OX MeHBHieH BejIH- 
HHHe acjDcJiexxa, BBiHHCJieHHoro b a^naGaxHHecxoM no^xo^e, no cpaBHe- 
HHK) C MO^ejIBIO 30. rioHBIXXa nOMOHB MO^ejIH C nOMOn];BK) (JiOpMyjIBI 
XejiJiMaHa-OeiiHMaHa |6] ne noMoraex. /tannaH cJiopMyjia oxhochxch 
X HefixpajiBHBiM cHcxeMaM c Z = Ng, r^e N^, — hhcjio ajiexxpoHOB. 
IlocjieflHee, o^naxo, MennexcH b ajincJ^a-pacna^e. Bojiee xoro, xeope- 
Ma OeHHMana cnpaBe^jiHBa xojibxo ^jih ycxoflnHBBix chcxom nxo 
oneBH^Ho He oxhochxch x “aaMopojxeHHOH” oGojionxe. Mojxho aaxjiio- 
HHXB, Hxo HajiHHHe cjiaxaeMoxo AQ + f/e(0) b (fT^ ocxaexca rjiaBHWM 
fle(|)exxoM Mo^ejiH 30, HeycxpaHHMWM b paMxax Mo^ejiH. 

3.3 BejiHHHHa scJjcJjeKxa 

IlpoBOflH pacnexBi no cJiopMyjie dl]) c ^eflcxBHeM (|2]) ^jih rojioro 
pa H c ^eflcxBHeM ([3]) b cjiynae Hefixpajinnoro axoMa, cooxBexcxBenno, 
Hafi^eM cooxBexcxByron^He BepoaxHocxH xynnejinpoBaHHa P h Pat- Hx 
oxHomenne onpeflejiaex hcxombih acjicjiexx axpanKpoBanna: 


F = (P/Pat) - 1 . 


(16) 
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Ta6jiHn;a 1: Results for the relative change of the half-periods in bare nuclides (last column) 


Nuclide 

Q, MeV 

Ti/2 

R, % 

60 

1.905 

2.29x10^^ yr 

0.24 


9.208 

0.27 /IS 

0.02 

ifRa 

4.871 

1600 yr 

0.23 

252 pf 

98 

6.217 

2.645 yr 

0.28 

241 Eo 

8.320 

9 s 

0.12 

294118 

11.65 

0.89 ms 

0.27 


SnanennH Y ^jia pnajiHunnix ajmcl^a-pacna^nnKOB npHEeflenni b xaG- 
jinpe. Ohh b cpe^neM nopn^na 10“^ n b hcckojibko paa Menume bbi- 
UHCJieHHBIX B MOflejIH 30 [6], B COOTBeXCTBHH CO CKaSaHHBIM BBime. 


4 SaKjiiOHeHHe 

CoBpeMeHHan oKcnepHMenxajiBHan xexnnKa nosBOJinex nponaBecxn 
cpaBHenne nepno^oB a-pacna^a b odniunBix axoMax n b xojibix 
pax, jinmeHHBix axoMHon oGojioukh. Bosmoxchoc oxjinnne npe^cxaB- 
jmex dojiBmoH nnxepec, xax Kan (l^opiunpoBanne n BBUiex a-nacxnpBi 
H3 a^pa npoHcxo;];ax na paccxoannax, onenn MajiBix no axoMHon mna- 
jie. IIooxoMy xpa^npHonno xeopna a^epHBix peaKpnn cxponxca Gea 
ynexa ajieKxponnoH oGojioukh. d^annaa paGoxa npo^oaacaex xeopexn- 
necKoe HccaeflOBanne MexannaMa n oacn^aeMon BeannnHBi 3(|)4)eKxa. 
^aa oKcnepHMenxa cyrgecxaenno onnpaxBca na nanGoaee coBepmen- 
nyio xeopmo. B sxom oxHomennH peayanxaxBi, nonyuennwe b nacxo- 
arpen paGoxe, npep;cxaBaaiox HecoMHennwH nnxepec. floKaaano, nxo 
Mop;eaB 30, npnMenaBmaaca na npoxancenun nocaep;nHX p;ecaxHae- 
XHH, aaBBimaex Beannnny acJicJieKxa b necKoauKo paa Bcaep;cxBHe xoro, 
nxo ne ynnxwBaex npopecca nepecxpoHKH aaeKxponnoii oboaouKH npn 
npoaexe CKBoan nee a-nacxnpw n conpaacennyio c nen noxepio sneprnn 
a-nacxnpen. 

Ap;eKBaxnBiH xeopexnnecKHn nop;xop; p,aexca ap;Ha6axHnecKHM Me- 
xop;oM, KoxopbiH KaK paa ocnonan na ynexe yxaaannBix 3(|)4)eKxoB. 
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PacHexM npoBefleHbi b nepBOM nopa^xe xeopHH BosMyipeHHH, ^ocxa- 
xoHHOM fljia onncaHHa npn paccxoHHHHX ^100 4)m b o6jiacxH xyjio- 
HOBCKoro GapBepa. Hccjie^oBaHBi BajKHBie njiaHHpoBanHH 3Kcne- 
pHMBHxa no;];po6HocxH. 

1) IIoKasaHo, Hxo HecMoxpa na npe^cKaayeMo Majiyio BejiHHHHy scj)- 
4)eKxa ~ 10“^, HMeexcH GjiaronpHHXHoe 9KcnepHMeHxa oGcxoh- 
xejiBcxBo: ~80% 9(|)(|)eKxa coa^aexcH i^-9JieKxpoHaMH. no9xoMy ^jia 
HaGjiro^eHHH 94)4)eKxa ^ocxaxoHHo cpaBHHXB nepno^Bi pacna^a b ro- 
jioM 3^pe c nepHOflaMH b o^ho- h (hjih) ^Byx9JieKxpoHHBix axoMax, a 
BOBce He Ha^o npHBjieKaxB HefixpajiBHBie axoMBi — hx naKonjieHHe b 
KOJ iBpax ycKopHxejiH neBosMOJKHo, a cxojib MajiBie 94)4)eKXBi Ha^excHee 
HaGjHo^axB no paanocxHBiM HSMepeHHHM na o^hoh h xoh jxe ycxanoB- 
Ke. TaKHM oGpasoM, mojkho npoHSBecxH cpaBHHxejiBHBie HSMepeHHn b 
O^HHX H xex HCe HaKOHHXejIBHBIX KOJIBpaX C rOJIBIM H;];pOM H HOHaMH 
pasjiHHHOH KpaxHocxH, HanpHMep rejiHe-nofloGHBiMH. 

2) Xoxa paccHHxaHHaH BejiHHHHa 9(|)4)eKxa ~b 3 paaa MeHBme, hom 
ojKH^aBmaHca na ocHOBe pacnexoB b Mo^ejiH 30, Bce nee pacnexBi b 
nepBOM npnGjiHJKeHHH xeopHH BosMyn^eHHH ^aiox eepxHww spanum/ 
94)4)eKxa. no9XOMy noBBimenne xohhocxh ^jih pacnexa ^Byxpenxpo- 
BBix KBasHMOJieKyjinpHBix xepMOB npe^cxaBjiHex anxyajiBHyio aa^any. 

3) B paMKax a^HaGaxHnecKoro no^xo^a noHHxna npHHHna oxhoch- 
xejiBHoro ycnexa Mo^ejiH 30 h npe^ejiBi ee npHMenHMocxH. HsMeneHne 
noxenpHajiBHOH 9HeprHH b nnxerpajie ^eficxBHH b 9xoh Mo^ejiH xaxoe 
jKe, KaK H B nepBOM nopn^xe xeopnn BosMyn^ennH b a^naGaxnnecxoM 
noflxo^e. IIooxoMy oGjiacxB oxnocnxejiBHon npHMennMocxn Mo^ejin 30 
xaxan nee, xax n nepBoro nopn^xa xeopnn B03Myn];eHHH, xo ecxB npn 
MajiBix cpaBHHxejiBHo c axoMHBiMH paccxonnnnx ox ajiBcl^a-nacxnpBi 
flo sppa. B 3xy oGjiacxB bxo^hx h xyjionoBcxnn GapBep xnnnnnBix 
a-pacna^nnxoB. 3a npe^ejiaMn xyjioHOBcxoro GapBepa noxenpHajiBnan 
OHeprnn b Mo^ejin 30 xepnex cjDnannecxoe npaB^ono^oGne. Oxo oGcxo- 
nxejiBCXBO CBirpajio Gbi pojiB npn yMenBuieHnn oneprnn a-pacna^a. 

4) PeayjiBxaxBi nacxonnien paGoxBi nnxepecHBi n ^jin oxenepnMen- 
xoB (n, a), ho^oGhbix j23], c mobhbimh nefixponaMn. B xaxnx 9xcne- 
pHMenxax Morjia Gbi npoHBnxBcn pesoHanenan cxpyxxypa b cnexxpe 
a-nacxnn,, npe^exasannan b paGoxax |16l [241 125] . OopMyjiy (]9]) mojxho 
xpaxxoBaxB xax npoxojx^enne a-nacxnpen xoro nee caMoro Gapxepa, 
nxo H fljin rojioro n^pa, no c nepeMennon onepmen — Ae{R). B xo 
jxe BpeMH H3 pnc. 2 cjie^yex, nxo na npoxnjxennn Gapxepa 3xa bojih- 
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HHHa MeHHexca npH6jiH3HTejit.Ho na 200 3B. ^annoe HaMeneHHe Kax 
pa3 cpaBHHMo c niHpHHOH jiHHHH, npeflCKa3aHHt,ix B paOoxe |25] . h 
MOJKex cjie^oBaxejiBHo hobjihhxb na hx (|)opMy hjih HHxencHBHocxB. 
3x0 BjiHHHHe, npHHHMaH BO BHHMaHHe xeopoMy KynManca jl], mojkox 
Gbixb oGnapyjKOHo b cpaBHHxejiBHOM oKcnepHMenxe na HaKonnxejiBHbix 
KOJIBpaX. 

5) A;];Ha6axHHecKHH no^xo^ npeflcxaBjiaexcH a^exBaxHBiM moxo^om 
H fljia onncaHHa oGpaxHBix peaxpHil cHHxe3a. IIoaxoMy oh npe^cxaB- 
jiHex HHxepec b Hccjie^oBaHHHx njia3MBi b jiaGopaxopnax hjih b 3Be3fl- 
HOH cpe^e. B cbhbh c xcm, hxo ^jih ho^oGhbix peaxpHii xapaxxepHBi 
ropa3flo Gojiee hhbkho onepxHH, xo h acJicJieKx oxcH^aexcH ropaB^o Go- 
jiee cHjiBHBiM. B xo >Ke BpeMH a^eKBaxHBiii pacnex mojkox noxpeGoBaxB 
Bbixo^a 3a paMKH nepBoro nopa^Ka xeopnn B03MyiLi;eHHH. IlojiyHeHHBie 
BBime pe3yjiBxaxBi Gy^yx HHxepecHbi h nojie3HBi b cooxBexcxByroipHx 
jiaGopaxopHHx: BHHH3® CapoB, NIF, GSI h ;];pyrHx. 
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no/inncH k phcyhkam 


1. PncyHOK 1. BKjia^bi b ochobhoh xepM pasjiHHHBix sjieKxpoHHBix 
KOHcJiHrypapHH: nojiHBifi pacnex no /],HpaKy—Ooxy — cnjiom- 
nan jihhhji, h nepejinxHBHCxcKHH pacnex c ynexoM xojibko Is- 
ojieKxpoHOB — mxpHX-nyHKXHpnan jihhhji. 

2. PncyHOK 2. Pa^najiBHBie bojihobbio cJjyHKpHH /],HpaKa ^jiji Is- 
ojieKxpoHa, GojiBinaji KOMHOHenxa, ^jiji ^^®Ra, — cnjioniHaH jihhhji, 
B CpaBHeHHH C HepejIJIXHBHCXCKOH KyjIOHOBCKOH BOJIHOBOH (JjyHK- 
pnefi — iHxpHX-nyHKXHp. 
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